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S
ome of the crucial factors influenc-
ing the process of osseointegration
are: material biocompatibility, pre-
cision of implant site preparation, trau-
matic extent of surgical technique, and
type of loading protocol. When the pre-
requisites for successful osseointegration
were originally described, implant load-
ing protocols were already considered
a crucial factor.1,2 At the third ITI Con-
sensus Conference in 2003, the original
definitions of loading protocol were
adapted and modified.3 In various stud-
ies, sufficient bone density has been
identified as an important factor for
implant survival.4,5 In accordance with
those defined protocols, the posterior
mandible presents favorable bone den-
sity. Hence, immediate and early load-
ing (EL) of dental implants in the
partially edentulous posterior mandible
are both viable treatment options.6
In the early stages of osseointegra-
tion, the degree of bone vascularity and
formation of new vascular tissues seem
to be important for the formation of
contact between bone and implant.7,8 It
has been shown that there is a functional
and proportional link between bone
remodeling rate and vessel area.9 After
the implant insertion, tissue repair
requires the development of a vascular
system for the delivery of oxygen and
nutrients and to take away cell debris for
complete healing process. After the
healing, the bone tissue remodeling
needs to induce neoangiogenesis.10
Decrease of blood supply to the bone
and soft tissue can compromise bone
growth and may increase failures of
implant integration.11 The quality of
blood flow in the alveolar bone depends
on different factors: the presence of
teeth, the age of the patient, degree of
resorption, and the presence of systemic
disorders.11–13 In this context, develop-
ment and maintenance of a good level
of osseointegration for dental implants
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Objectives: Bone vascularity is
an important factor in process of
osseointegration. The aim of this
study was to find whether or not
blood perfusion of the bone around
the prepared implant sites influences
subsequent implant stability.
Methods: Patients with bilater-
ally edentulous mandible were treated
with dental implants. Bone vascularity
in implant sites was previously noted
using Laser Doppler Flowmetry
(LDF). Implant stability quotient
(ISQ) was measured during follow-
up period of 26th week. Statistical
distribution and correlation between
LDF and ISQ values were presented.
Other variables (type of implant load-
ing; sex and distance from the apical
part of implant sites to the roof of the
mandibular canal) were collected and
correlated with LDF values.
Results: The mean recorded
LDF value was 53.05 perfusion unit.
Eighteen implants were immediately
loaded, and the other 18 were early
loaded. In the group of early loaded
implants, a statistically significant
correlation between mean value of
LDF and changing value of reso-
nance frequency analysis (P , 0.05)
was noted at 5th, 6th, 12th, and
26th weeks. Using Pearson coeffi-
cient of correlation, there was no
statistically significant relationship
between other variables and LDF
values.
Conclusion: LDF values of
implant sites might determine future
implant stability. (Implant Dent
2014;23:200–205)
Key Words: bone vascularity, Laser
Doppler Flowmetry, mandible, pos-
terior, implant stability
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are certainly related to awell-developed
bone vascular network of periimplant
bone.10 The major arterial blood supply
to the mandible comes from inferior
alveolar artery. Other source of blood
supply comes from anastomoses of lin-
gual and facial artery as well as from
musculoperiosteal sources.11 In the
elderly and edentulous patients, the
central blood supply is compromised,
and posterior mandible depends mostly
on musculoperiosteal small arteries.
Under these circumstances, we might
have relative ischemia,4,5,11,14 and the
process of osseointegration in posterior
mandible can be seriously affected.
The Laser Doppler Flowmetry
(LDF) represents a noninvasive tech-
nique for monitoring tissue blood per-
fusion expressed in perfusion units
(PU). The technique is based on mea-
suring the Doppler shift induced by
moving red blood cells to the illuminat-
ing coherent light.15,16 This method has
been widely used in the field of den-
tistry for the assessment of blood flow
in mucosal tissues underneath dentures
and for the blood perfusion in the
pulp.17,18 In addition, LDF has been
used to register gingival blood flow
changes during periodontal surgical
procedures and to assess the recovery
of the gingival blood flow during the
subsequent healing period.19–21 Fur-
thermore, experimental findings sug-
gest that the LDF can successfully be
used for studying blood perfusion of
mucoperiosteal flaps in guided tissue
regeneration procedures22 and for de-
tecting blood flow in sinus bone
grafts.23 LDF has been shown to be
a reliable method for measuring intra-
osseous blood flow.24,25 Recently, it has
also been shown that LDF can success-
fully be used to assess bone vascularity
during implant insertion in humans.26
The purpose of this study was to
measure the association of bone vascu-
larity at the time of implant site prepa-
ration as assessed using LDF and
implant stability measured using
implant stability quotient (ISQ) score.
The investigators hypothesize that
higher bone vascularity assessed by
LDF during implant insertion is associ-
ated with increased implant stability.
The specific aims of the study were: (a)
to measure bone vascularity at the time
of implant placement usingLDF scores;
(b) to measure implant stability (after
implant insertion, 1st, 2nd, 3rd, 4th, 5th,
6th, 12th, and 26thweek of study) using
ISQ scores; (c) to estimate the associa-
tion between LDF score and ISQ score
adjusted for clinically relevant variable
such as loading status, local anatomical
structures (mandibular canal), and sex.
MATERIALS AND METHODS
Study Design and Sample
To address the research purpose, the
investigators designed and implemented
prospective cohort study. This clinical
study included patients requiring
implant treatment in the partially eden-
tulous mandible bilaterally. The study
was performed at the Clinic of Oral
Surgery, Faculty of Dentistry, Univer-
sity of Belgrade, Belgrade, Serbia in the
period between June 2010 and January
2011. Ethical approval was obtained
from the local Ethics Committee at the
Faculty of Dentistry (Nr. 165/2, 2004),
and participants gave informed consent.
Patients included in this study represent
a part of a comparative clinical trial of
immediate and early loaded short tapered
effect implants. To be included in the
study sample, patients had to:
a. Belong to the ASA I group (Amer-
ican Society of Anesthesiology
patient classification, ie, normal
healthy patients)
b.Have bilateral terminal edentulous
spaces distal to the 1st premolar in
the lower jaw (Kennedy class I)
c. Have natural teeth or prosthetic
rehabilitation in the posterior max-
illa to provide occlusal contact
with prosthetic appliances on the
implants in the mandible
d.Have the same type of antagonists
on both sides in the maxilla
e. Have surgical sites with bone den-
sity type 1, 2, and 3 according to
the classification by Lekholm and
Zarb27
f. Have adequate buccal-lingual bone
dimensions ($6 mm) to have at
least 1 mm of bone around our im-
plants
g.Have inserted dental implants with
primary stability value $60 ISQ.28
Patients were excluded as study
subjects if they:
a. Had systemic disease likely to
compromise implant surgery
b. Had oral parafunctions (bruxism)
c. Were smokers
d. Had inadequate oral hygiene
e. Had implants with value of pri-
mary stability ,60 ISQ.
Fig. 1. Measurement of blood perfusion in
implants’ sites. A measuring device for laser
Doppler flowmetry has been inserted into the
implant site bed 35.
Table 1. Vascularity of Implant Sites in the Posterior Mandible Expressed in PU for
the Immediate Loaded and Early Loaded Groups
Patient No. Gender
Site/PU
35 36 37 45 46 47
1 M 97.37 50.64 33.21 17.52 25.33 70.81
2 M 35.6 41.32 47.48 52.06 130.66 43.76
3 F 30.68 26.79 58.44 40.76 51.88 72.01
4 F 32.11 48.5 95.29 58.41 40.88 44.26
5 M 39.2 82.57 82.53 58.41 57.84 41.58
6 F 51.5 39.34 60.04 51.56 47.53 27.45
Mean 47.74 48.19 58.89 46.45 59.02 54.63
SD 25.43 18.82 23.01 15.57 36.82 20.32
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Assessment of Blood Pressure Values
During Procedure
Blood pressuremeasurements have
been performed before applying of
local anesthesia and before measure-
ment of blood perfusion by noninvasive
measurement technique.
Clinical Procedures and Assessment of
Bone Vascularity
To be able to measure the vascular-
ity of the implanted area, operationswere
done using a local anesthetic without
a vasoconstrictor (0.75% ropivacaine,
Naropine; AstraZeneca, Sodertalje,
Sweden). Mid-crestal incisions and
buccal extensions were performed in
both edentulous sides of the mandible.
Implant sites were prepared using
the surgical guide according to the
manufacturer’s recommendations. After
bilateral preparationof implant bedswith
a pilot drill Ø 2.2 mm at the position of
the 2nd premolar, first, and second
molar, measurement of blood perfusion
in the mandible was performed with
LDF (Periflux System; Perimed, Jarfalla,
Sweden).
Measurements of Blood Perfusion
The LDF module was calibrated
according to the manufacturer’s in-
structions and emitted laser light of
780 nm. This light was transduced to
the implant site by a special optical fiber
probe (PF 407) with a diameter of
2.0 mm (Fig. 1). The fiber probe was
inserted into the implant sites at a stan-
dard depth of 8 mm. The probe was
fixed with a sterile wax plate, and the
cable was set so that it did not touch the
surrounding soft tissue. The LDF mod-
ule was connected to a personal com-
puter for capturing the recordings. The
magnitude of signal and frequency
changes was directly related to the rel-
ative number.
It has previously been shown that
light penetrates into bone tissue to
approximately 3 mm from the bone
surface.26,29 In this way, blood perfusion
has beenmeasured in thewhole horizon-
tal dimension of alveolar bone. The
gap between the probe and bone at the
implants site was 0.2mm. To avoid con-
tamination, implant sites were rinsed
with saline before the probe was placed
and to avoid patient movements during
blood flow recordings, the patients sat in
a relaxedmanner in a semi-reclinedposi-
tion in a dental chair. The LDF probe
was placed directed perpendicular to
the mesial, distal, buccal, and lingual
aspects of the walls of the implant bed.
Within a few seconds after insertion of
the probe, the recorded value of PU sta-
bilized and remained stable during the
recording period. A noise-free period
of 20 seconds was chosen for a stable
and reliable recording session. Four
recordings were carried out at every
implant site.
According to previously published
recommendations, recordings were
taken in different directions to deter-
mine the average alveolar bone vascu-
larity around one site.30,31 The blood
Table 2. Mean, Ranges, and SDs LDF Values (Expressed in PU) for Immediate and
Early Loaded Implants
Parameters IL EL P
LDF PU, mean 6 SD 54.84 6 28.73 49.72 6 15.81 0.513
95% confidence
interval for mean
40.55–69.13 41.86–57.59
#60 PU 12 (66.7%) 16 (88.9%) 0.228
#50 PU 9 (50%) 10 (55.6%) 0.999
#40 PU 7 (38.9%) 3 (16.7%) 0.264
Table 3. Distance From the Bottom of the Implant Site to the Roof the
Mandibular Canal
Groups No. of Implant Sites Mean 6 SD (mm) Range
IL 18 3.97 6 1.12 2.67–6.00
EL 18 3.75 6 1.33 2.00–6.15
Total 36 3.86 6 1.27 2.00–6.15 T
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perfusion has not been measured after
preparation of implant beds with pilot
drills Ø2.8 and Ø3.5. Larger gap
between the probe and implant sites
has been filed with blood during the
recording resulting in inadequate value
measurements.
Thereafter, the implants (4.8/4.1
mm Straumann dental implant system,
SLActive, TE; Basel, Switzerland) used
in this investigationwere inserted accord-
ing to standard clinical protocols.
Measurements of Implant Stability
To determine implant stability at
the time of insertion and stability
changes during the healing period,
resonance frequency analysis (RFA)
was performed (Osstell Mentor; Inte-
gration Diagnostics AB, Gothenburg,
Sweden). After implant insertion, the
ISQ was measured weekly during the
1st 6 weeks, as well as at the 12th and
26th week of the study. Measurements
were performed from 2 different direc-
tions using a smart peg (type 4), which
was hand screwed into the implant.
Recent data indicate that primary
implant stability between 60 and 65
ISQ is prerequisite for the load imme-
diately after installation.28 This was the
reason why implants with primary sta-
bility value ,60 ISQ have not been
included in this study.
Loading Protocol
The loading protocol for the im-
plants was randomized using sealed
envelopes. The envelopes were opened
after the provisional restorations had
been fabricated for both groups. One
side of the mandible was thus randomly
determined to be the immediate loading
(IL) group and the other one to be the
EL group. In the IL group, the tempo-
rary restoration was then inserted and
fixed, whereas in the EL group, the
temporary restoration was set aside and
inserted 3 weeks later.
Measurements of Bone Dimension
Preoperative assessment included the
fabrication of a study cast and a cone-
beam computed tomographic radiograph
(3DAccuitomo; J.MoritaManufacturing
Corp., Osaka, Japan) for the evaluation of
the available bone volume. Fabrication of
surgical and prosthetic guides was also
part of the preoperative protocol. Cone-
beam computed tomography was used
preoperatively to determine the distance
from the top of the alveolar crest to the
roof of themandibular canal in the area of
the planned implant placement. In
addition, another cone-beam computed
tomography was taken immediately after
implant placement to measure the dis-
tance from the apex of the implant to the
roof of the mandibular canal.
Statistical Analysis
Descriptive statistical parameters
were applied to the data. Correlation
coefficients were assessed to determine
the degree of association between dif-
ferent variables. The Mann-Whitney
and the Kolmogorov-Smirnov tests
were applied to detect the differences
between different time points of meas-
urements. Pearson coefficient of corre-
lationwas used to assess the relationship
between vascularity and implant sta-
bility. A P-value of 0.05 was chosen
as the level of significance for all
comparisons.
RESULTS
All 6 patients (3 women and 3men;
mean age, 48.87 6 1.99 years) com-
pleted the study. There were no implant
failures in either of the investigated
groups. It has not been noted statisti-
cally significant difference of the blood
pressure values between 2 observed
time points (P, 0.05).
LDF values of all 36 implant sites
in all patients are presented in Table 1.
Individual LDF values of particular
implant sites in the same patient dif-
fered greatly in some cases, for example
in patients 1 and 2. In addition, a large
variability of values was found between
patients. The measured PU values
ranged from 17.5 to 130.7 with a mean
of 53.05. LDF.60 PUwasmeasured at
8 implants sites, LDF,60 and$40 PU
at 18 sites, and LDF,40 PU at 10 sites
(Table 2). There were no statistically
significant differences between mean
values of the left and right sides of the
mandibles as well as between different
implants positions. There was no statis-
tically significant difference in vascu-
larity between men (53.3) and women
(51.5).
Themean LDFvaluewas greater in
the IL group than in the EL group but
not to a significant degree (Table 2).
Themean distance from the apex of
the implant to the roof of the mandib-
ular canal is presented in Table 3. More
than 3 mm between the apex of the
implant and the roof of the mandibular
canal was noted at 73.68% of sites. The
remaining sites showed a distance of
,3 mm but .2 mm. Using Pearson
coefficient of correlation, there was no
statistically significant relationship
between LDF values and the distance
from the apex of the implant site to the
roof of mandibular canal.
The RFA results showed that over-
all changes in implant stability were
nonsignificant during the follow-up
period of 26 weeks in the IL group
(Table 4). However, in the EL group,
statistical analysis indicated a signifi-
cant decrease of implant stability
between the 3rd and 4th week (which
corresponds to the 1st week of loading).
Furthermore, a significant increase of
implant stability was noted between
the 6th and 12th week.
Correlating mean values of LDF
andRFA values in subsequent weeks of
the follow-up period (Table 5),
Table 5. Correlation Between Mean Value of LDF and Changing Values of RFA During the Follow-up Period (Pearson Correlation)
Group RFA0 RFA1 RFA2 RFA3 RFA4 RFA5 RFA6 RFA12 RFA26
IL LDF r −0.033 −0.050 0.002 0.099 0.064 0.066 0.049 0.140 0.081
P .0.05 .0.05 .0.05 .0.05 .0.05 .0.05 .0.05 .0.05 .0.05
EL LDF r 0.243 0.400 0.323 0.315 0.416 0.556* 0.520* 0.530* 0.554*
P .0.05 .0.05 .0.05 .0.05 .0.05 0.016 0.027 0.024 0.017
*Correlation has been noted in these time points.
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a statistically significant correlation (P
, 0.05) was observed in the EL group
only. In detail, initially high PU values
correlated with a strong increase of
RFA values during weeks 5 to 26 (in
the 5th, 6th, 12th, and 26th weeks),
whereas low initial PU values corre-
lated with a small increase of RFA val-
ues during this same time period.
DISCUSSION
This study confirmed previous obser-
vations that LDF can be used as a method
of assessing alveolar bone vascularity in
implant sites before implant insertion. The
result of this clinical study indicates
a correlation between initial PU values
and implant stability changes during heal-
ing. Hence, in the EL group, initially high
PU values correlated with a higher
increase in RFA values than with initially
low PU values. A large variability of PU
readings was found between individuals
and between sites in single individuals.
In our study, themeanLDFvalue at
36 implant sites located in the posterior
part of themandiblewas 53.04 PU. This
value differs considerably from values
previously found26 in the anterior part
of mandible (25.8 PU). This may be
explained by variations in bone density
and arterial supply of the mandible.32–34
Also differences in the results obtained
can be explained by the different age of
the individuals included in the various
studies.13 The average age of patients in
this study was 48.9 years, whereas in
a previous study reporting lower values,
the mean age was 63.6 years.26
Since the proximity of the mandib-
ular canal to the implant site could
possibly influence blood perfusion
around the implant, the distance of the
canal to the apical part of the implant site
was measured in all patients. Neverthe-
less, the results obtained indicate that the
proximity of the mandibular canal does
not directly influence the vascularity of
the cancellous bone around implant sites
when distance is greater than 2 mm.
No statistically significant difference
in theLDFwasnotedbetween thepatients
ofdifferentgender. IndividualLDFvalues
between patients and of particular implant
sites within the same patient differed
greatly in themajority cases,which results
in the wide standard deviance.
In this study, 2 different loading
protocols were clinically analyzed for
the same type of implants. The results
showed high values of primary implant
stability and subsequent secondary
implant stability over time regardless
of the loading protocol (ISQ.80 in both
analyzed groups). This indicates suc-
cessful transformation from mechanical
to biological bone integration. It is also
interesting to note that the decrease of
implant stability found at the 4th week
in the EL group corresponded well with
the previously described biological bone
remodeling process during this time.35
It has previously been stated that
bone vascularity at an implant site could
influence implant osseointegration.26
Hence, it was especially interesting to
investigate whether perfusion of the
implant site could be important for sub-
sequent implant stability. Only in the
EL group, a significant correlation
between initial PU values and later
RFA values was found. One possible
explanation for this result may be found
in the fact that in most implant sites
(88.9%) from the EL group, the re-
corded value of LDF was #60 PU. In
the IL group, 33.3% of implant sites
showed an LDF value of .60 PU, and
oscillations of implant stability were
not obvious. Therefore, a statistically
significant correlation between mean
LDF and changing value of RFA was
noted at 5, 6, 12, and 26 weeks in the
EL. In the literature, different clinical
studies have described the changes in
implant stability values during the early
healing period.36,37
The development of new probe
designs is recommended to provide
more accurate blood perfusion measure-
ments correlating to the different diam-
eters of the 1st osteotomy pilot drills.
From a clinical perspective, itwould
be interesting to assess if certain magni-
tudes of PU values can be used as
important factors in the decision process
regarding loading protocols. Based on
the preliminaryfindingof this study, new
clinical trials can be designed to answer
some of these pertinent questions.
CONCLUSION
Based on the results of this pre-
liminary study, it can be concluded that
a certain relationship exists between PU
values and increasing RFA values. This
study failed to determine a threshold
above which osseointegration of im-
plants predictably occurs and below
which implants are not osseointegrated
by the surrounding bone. It would,
however, be of great clinical benefit if
such a threshold could be determined.
Further research in this area is necessary
taking into account a larger number of
investigated implant sites located in
different regions of the maxilla and the
mandible.
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